The scientific backgrounds and principles, types and technical aspects of obtaining experimental data for DNA microarrays were described. Utilization of this technology in biological research which includes pathogen detection was also described. Pathogen detection includes human viruses and bacteria in clinical samples, parasites and bacteria in waste water, food-borne pathogens, methanotropic bacteria, animal pathogens in veterinary samples, fish pathogens, human and animal viruses and plant pathogens. The later includes nematodes, fungi, bacteria, viruses, viroids and phytoplasmas.
INTRODUCTION
DNA microarrays were introduced in 1995 by Schena et al. of Stanford University, California, USA. It has the ability to simultaneously display the expression of thousands of genes at a time, thus it is a powerful tool for genetic analysis. It has the capacity to apply many thousands of nucleotides in an ordered array to a surface, thus allowing the parallel interrogation of thousands of different sequences at once. It is currently being applied in the broad areas of biomedical, pharmacological and genomic research as well as diagnosis, food safety and quality. Detailed references of this article were reported by the authors (Barba and Hadidi, 2006; Hadidi et al., 2004) .
HISTORICAL CONCEPT AND DEVELOPMENT OF DNA MICROARRAYS
DNA microarrays exploit: 1. DNA complementarity through base pairing (Watson and Crick, 1953) . 2. A variety of techniques in order to apply DNA molecules in perpendicular fashion to a solid surface such as: -DNA immobilized on a membrane can bind a complementary RNA or DNA strand through specific hybridization (Gillespie and Spiegelman, 1965) ; -Methods described for applying DNA to a treated cellulose surface (Southern and Mitchell, 1971 ); -DNA blotting hybridization known as Southern blotting (Southern, 1975) ; -The determination of nucleic acid sequence homologies and relative concentration by dot blot hybridization (Kafatos et al., 1979) . 3. A number of methods for applying very large numbers of DNA oligonucleotides to surfaces in ordered two-dimensional arrays, thus allowing the massively parallel analysis of hybridization events. 4. In 1995, Schena et al. published the first paper describing microarrays for quantitative measuring of gene expression of multiple genes in a high-throughput, parallel mode.
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-Each probe is made of thousands of cDNAs or oligonucleotides, each specific for a gene, DNA sequence or RNA sequence of interest. -An array is an orderly arrangement of samples. It provides a medium for matching known and unknown nucleic acid samples based on base-pairing rules (A-T and G-C for DNA; A-U and G-C for RNA) and automating the process of identifying the unknown. -Each array is generated by depositing a few nanoliters of DNA probe on a solid support. The printing is performed by a robot which allows identical spotting serially.
TYPES OF ARRAYS
In general, arrays are described as macroarrays or microarrays, the difference being the size of the sample spots.
Macroarrays contain sample spot sizes of about 300 microns or larger. The sample spot sizes in microarray are typically less than 200 microns in diameters and these arrays usually contain thousands of spots.
Microarrays may be divided into "low-density" or "high density".
Low Density Microarrays
These are microarrays with a density of the order of 100 spots per centimeter square.
Glass slides or glass slides coated with a nylon membrane may be used for hybridization after treatment with specific chemicals or ultraviolet light to prevent removal of the DNA probe during hybridization and washing steps.
The DNA applied to the surface of the array may consist of plasmids of 500-5,000 bases, complementary DNA of several hundred bases in length, products of the PCR of 100-500 base pair or synthetic oligonucleotides are used, these may be modified by addition of an amino or thiol group on their 5' end.
High Density Microarrays
The term 'high-density' is generally used to describe microarrays with a density of the order 1,000-10,000 spots per centimeter square or even higher. Such high-density arrays are generally known by the term 'DNA chip'. The substrate used for immobilization of high-density DNA arrays is usually chemically modified glass or silicon.
DESIGNING AND IMPLEMENTATION OF A DNA MICROARRAY EXPERIMENT
There are several steps in the design and implementation of a DNA microarray experiment (Fig. 1) . These steps include:
DNA Probes
-PCR-amplified DNA, short or long oligonucleotides, cDNAs, chromosomes, whole organism, or others with known identity. -Each probe is made of thousands of these cDNAs or oligonucleotides, each specific for a gene, DNA sequence, or RNA sequence of interest.
Application of DNA to the Array A wide variety of techniques exist for the immobilization of DNA on the surface of the array (printing). The printing is performed by a robot which allows identical printing serially.
Each array is generated by depositing a few nanoliters of purified DNA on a solid support whose size can go from 10-15 cm square with 10 to 100 DNA pieces per cm square. Microarrays can go to 2-3 cm square with several thousands genes per cm square.
Oligo-chips (also known as GeneChips) have been developed by Affymetrix, Santa Clara, California, USA. Their original approach was to synthesize directly on a rigid support polynucleotides (20-25 mers), single-stranded DNA segments produced sequentially by chemical synthesis. This method allows the construction of arrays with a large number of probes: several hundred or thousands of polynucleotides in one cm square, even one million in some experimental prototypes. The affymetrix GeneChip system, which consists of a gene or probe array, hybridization oven, fluidics station, scanner and a computer station, is presented in Figure 2 .
Target Preparation
RNA, purified or as total RNA, is reverse-transcribed to the first single-stranded cDNA.
When the support is glass, the cDNA is fluorescently labeled. These cDNAs generate even and bright signal levels in microarray hybridization.
When the support is nylon membrane, the cDNA is labeled during reverse transcription with radiolabeled nucleotides and hybridization is detected by autoradiography or chemiluminescence. Alternatively, the cDNA can be labeled by incorporating biotin-16-dUTP or digoxigenin-11-dUTP; following hybridization and the hybrids are detected by colorimetry.
Purity of the RNA is a critical factor at this step of the experiment, to avoid interference in the detection of the radioactive as well as the fluorescen.
Hybridization
-The probe DNA is denatured by heating and then the labeled target solution is applied.
-The amount of the original total RNA required for hybridization varies depending on the type of support used: from 300 nanograms to 5 micrograms of total RNA with the nylon membranes and 20 micrograms of total RNA on glass. -If the array is hybridized with a single cDNA type, single-dye or radioactive labeling hybridization is sufficient, otherwise additional parameters may be needed. -The slide or chip is moved to a moist 65°C hybridization environment for several hours. -Finally, the slide or chip is washed to remove any unbound nucleotides in preparation for the detection stage.
Image Detection -Detection is done using either a scanning or direct imaging system. -Scanning uses a laser excitation source (for the detection of fluorescently-labeled DNA) that works on each spot one at a time and a detector that measures the resulting light. -Direct imaging uses an excitation source that illuminates the entire array at once and a camera to capture the resulting image. It is used when radioactive hybridization or colorimetry is chosen. -Scanning has higher resolution and sensitivity than direct imaging. Graphic computer files (TIFF, etc) are created based on the detection results.
Analysis of Results
Results obtained have to be presented in the most informative way for interpreting the DNA array data. This requires sophisticated bioinformatics methods.
When using dyes, the resulting image files are analyzed with special software to determine the intensity of light at each of the wavelengths measured. The relative abundance of each cDNA (experimental vs. control) is reflected by the ratio of "red" to "green" measured at the spot representing that gene. These measurements are then combined by the software to create a graphical representation of the relative expression levels of the experimental and controlled samples.
The output can usually be seen in different formats. Complex data sets need to be analyzed using sophisticated software's such as GeneSpring and Spotfire.
APPLICATION OF DNA MICROARRAYS

Analysis of Gene Expression
The cDNA-based microarrays is the method of choice for analyzing the simultaneous expression of up to 15, 000 expressed sequenced tags (ESTs) at once, especially when they have not been sequenced. Only those ESTs which show differential patterns of expression are subsequently sequenced.
Only those ESTs which show differential patterns of expression are subsequently sequenced.
Cancer and Clinical Research
Microarrays have been applied to different aspects of human cancer research. Microarrays have also been used in human prognosis. For example, samples from biopsies and peripheral blood lymphocyte from patients hybridized with whole genome array allowed to classify patients based on their risk for kidney transplant rejection.
Drug Discovery and Development
One of the major areas of research in pharmacology is in the field of pharmacogenomics. Its goal is to find a correlation between therapeutic response or side effect profile of drugs to an individual genetic background. Several approaches using the DNA microarray technology are currently being exploited to providing more individualized pharmacological treatment.
Toxicological Research
The goal of toxicogenomics, a major area of research in toxicology, is to find a correlation between toxic responses to toxicants and changes in the genetic profiles of the objects exposed to such toxicants.
Agriculture Applications
Currently the microarray technology is being utilized to better understand plant genetics and gene functions (analysis of gene expression).
The first DNA chip aimed at testing the integrity of genetically modified food has been developed. The chip screens and identifies GMOs in raw materials, processed food and animal feed. It is able to detect viral DNA (CaMV), selection genes (bar, resistance to antibiotics), gene fragments (Nos-terminator) as well as specific gene fragments (Bt, EPSPS).
Food Quality
The presence of unwanted or unknown animal species in food is of great concern for public health, economic, religious and legal reasons. For the first time, a DNA chip which contains 80,000 different oligonucleotide probes could be used to detect 33 species of animals, making the array a technology to distinguish between animal species that might be present in food.
Pathogen Detection
DNA microarrays can be used for rapid and simultaneous detection of hundreds of microorganisms from virtually any sample. Pathogens such as anthrax or small pox virus have also been detected by microarrays.
Potential bio-warfare agents such as bacteria and viruses were successfully detected by portable microarray analysis. With microarray technology it is possible in less than two hours to rapidly identify human bacterial pathogen species based on their ribosomal RNA sequences.
A DNA microarray has been developed for use in testing key parasite and bacterial contaminants in surface and ground water which include: Cryptosporidium parvum, Giardia intestinalis, Cyclospora cayetanensis, Escherichia coli, Salmonella, Listeria and Campylobacter. 2. Food-Borne Pathogens. Several key food-borne bacterial pathogens were detected by microarrays: Shiga toxin-producing E. coli (STEC), E. coli serotype O157:H7, Campylobacter, Samonella, Salmonella typhimurium DT 104, and Listeria monocytogeneses. In their system they were able to efficiently detect and identify many diverse viruses such as picorna, rhino, entero, orthomyxo, paramyxo, retroid, herpes, adeno, papillima, hepatitis B, hepatitis C, etc.
Members of each viral family were detected by selecting probes with the most highly conserved regions within the family. This is a viable strategy for detecting unsequenced or uncharacterized viruses and it may also prove to be a useful approach to novel virus discovery.
Members of each genus were detected by selecting short regions of high nucleotide conservation such as the 5' untranslated region for members of the enterovirus genus. Related viral serotypes were distinguished by the unique pattern of hybridization generated by each virus. Thus microarray-based viral detection may offer a powerful alternative for determination of viral subtypes.
For severe acute respiratory syndrome (SARS) coronavirus detection as well as genotyping, a universal microarray system was developed that combines RT-PCR and ligase detection reaction (LDR) (Long et al., 2004) . 7. Plant Pathogens. Summary of progress of applications of DNA microarrays for the detection and identification of plant pathogens: Past Prediction. Candresse (2001, 2003) predicted the use of DNA microarrays in plant pathogen detection. Abstracts. Potato viruses: Boonham et al., 2002; Perez-Ortin, 2002; Sip, 2002; Bystricka et al., 2003. Viruses, bacteria, fungi or nematode: Bonants et al., 2002; Perez-Ortin, 2002; Scherm et al., 2002; Schoen et al., 2002 . Full Papers. Viruses: Pototo viruses (Bystricks et al., 2005 , Cucumber mosaic virus (Deyong et al., 2005) .
Fungi and Nematodes: Szemes et al., 2005 . Review Articles or Book Chapters. Hadidi et al., 2004; Barba and Hadidi, 2006 . 
ADVANTAGES AND DISADVANTAGES OF DNA MICROARRAYS
Advantages: -Simultaneous detection and quantification of thousands of hybridization events. -Great scope for miniaturization, for high-throughput applications and for development of integrated, automated systems (lab on a chip). Disadvantages: -DNA array instruments, DNA chip production, probes and bioinformatics are fairly expensive; however, a rapid fall in prices is expected in the coming years.
FUTURE DIRECTIONS
DNA microarray technology holds a great promise for genomic research and diagnostics; biomedical research of cancer and infectious and genetic diseases; and improving the effectiveness and reducing the side effect profile of pharmaceuticals.
DNA microarrays will increasingly be utilized in integrated analytical and diagnostic systems, where all steps for sample preparation through assay analysis and interpretation will be performed in cheap and disposable cartridges or in high-throughput microfluidic devices (lab on a chip).
If current trends continue, it is expected that DNA microarrays to become part of the routine human, animal and plant pathogen diagnostics. Figures   Fig. 1 . General scheme of cDNA microarray. From "Expression profiling using cDNA microarrays" (Duggan et al., 1999) . 1. Clones containing the genes of interest are amplified by PCR and purified. 2. Aliquots (about 5 nl) are printed onto a solid support using a computercontrolled, high-speed robot. 3. Total RNA from both the test and reference sample is labeled using a single round of reverse transcription. 4. The labeled targets are pooled and hybridized to the clones on the array. 5. Laser excitation of the clones yields an emission with characteristic spectra, which is measured using a scanning confocal laser microscope. 6. Monochrome images from the scanner are imported into software in which the images are pseudo-colored and merged. 7. Information about the clones, including gene name, clone identifier, intensity values, intensity ratios, normalization constant and confidence intervals is attached to each target. 8. Data from a single hybridization experiment is representing increased or decreased levels of gene expression relative to the reference sample. In addition, data from multiple experiments can be examined using any number of data mining tools. 
